Chronic hepatitis C virus (HCV) infection is a main health problem in Egypt causing high rates of mortalities. Egypt has the highest HCV prevalence in the world, with specific HCV subtypes epidemic and circulating extensively in the country. Different antiviral therapy protocols have been implemented for treating Egyptian HCV patients. Due to the limited data about HCV in Egypt, this study aimed to genotype HCV strains circulating in the Nile Delta Damietta governorate and to investigate the variation in the nonstructural 5B (NS5B) region targeted by the newly approved antiviral drugs. Thirty HCV samples from treatment-naïve patients were genotyped by restriction fragment length polymorphism. Some samples were genotyped by direct sequencing of their 5 0 untranslated region (UTR) and NS5B regions. Phylogenetic analysis was also performed on the sequences of their NS5B regions. Fourteen new sequences have been deposited in the GenBank database. Results showed that subtype 4a was prevalent in addition to subtype 1g. None of the previously reported NS5B substitutions were detected in the sequenced isolates from treatment-naïve patients, which may be a good predictor for efficient treatment of HCV Egyptian patients with Sofosbuvir. Further studies on Sofosbuvir treated-HCV Egyptian patients are required to investigate whether any NS5B substitutions can confer resistance to treatment. 
Introduction
Hepatitis C virus (HCV) is the main cause of chronic liver disease and it is an epidemic pathogen worldwide. It is estimated that around 71 million people are chronically infected with HCV and approximately 400 thousand people die each year mostly because of liver cirrhosis and hepatocellular carcinoma [1] . HCV is a blood-borne, positive sense, single-stranded RNA virus. Its RNA strand is approximately 9.6 kb with a long open reading frame encoding 3 structural (C, E1, E2) and 7 non-structural (P7, NS2, NS3, 4A, NS4B, NS5A, NS5B) proteins [2] . HCV strains are classified into 7 genotypes (1-7) and several subtypes based on the phylogenetic and sequence analyses of the complete viral genomes [3] . At the nucleotide level, HCV genotypes differ from each other by 31-33% and the subtypes within the same genotype differ from each other by 20-25% [4] . HCV genotypes are geographically distributed worldwide, with HCV genotypes 1, 2 and 3 widely distributed and subtypes 1a, 1b and 2a specifically called epidemic subtypes [5, 6] . Genotype 3 circulates mainly in south Asia, genotype 4 in central Africa and Middle East, genotype 5 in Southern Africa, genotype 6 in South East Asia and genotype 7 in Congo [7] [8] [9] .
Egypt records the highest HCV prevalence worldwide [10] . According to the Demographic Health Survey (DHS) of 2015, seroprevalence of HCV was 10% compared to 14.7% in 2008 [11] . It has been reported that around 93% of infections are due to genotype 4 [12] . HCV subtype 4a became epidemic and extensively distributed in Egypt due to the unsafe injections during the anti-schistosomal public health campaigns in the past [13] . Subtype 4a has been reported as the predominant subtype in Egypt in some studies [14] [15] [16] , while infection with genotype 1 was thought to never exceed 10% [15] . In Egypt, an increased risk of hepatocellular carcinoma was significantly associated with the infection with HCV subtype 4o [17] . HCV genotype 4 responsiveness to treatment with PEG-INF/RBV is better than genotype 1 but worse than genotype 2 and 3 [18] . However, genotype 4 became the most difficult to treat genotype after the effective response of genotype 1 to protease inhibitors [19] .
PEG-INF/RBV treatments have been implemented in Egypt for long time and they achieved sustained virological response (SVR) of approximately 40-69% [20] . One of the recently approved new treatments for HCV in Egypt is Sofosbuvir [21] . Sofosbuvir plus Ribavirin (interferon-free regime) for 12 or 24 week became the effective treatment protocol for both naïve and previously treated Egyptian patients [22] . Combination of Elbasvir (NS5A inhibitor) and Grazoprevir (NS3/4A protease inhibitor) for treating genotypes 1 and 4 produced high SVR rates [23] . HCV genotyping is clinically important in predicting the efficiency of antiviral therapy, in determining the duration of treatment [24] and, also, in detecting HCV molecular epidemiology [25] . This study aims to genotype HCV strains circulating in Damietta Governorate and to investigate the variation in HCV NS5B region that is targeted by the newly approved antiviral drugs.
Patients and methods

Blood sampling
Blood samples were collected in EDTA-containing vacuotainer tubes from 30 HCV-infected but treatment-naïve patients from Damietta governorate. The study has been approved by our institution board (5/2/2/1) and all patients have provided an informed consent.
Viral RNA extraction
Viral RNA was extracted from all blood samples by GeneJET Viral DNA/RNA Purification Kit (#K0821, Thermo Scientific, Waltham MA, USA) according to the manufacturer's instructions. The purified RNA was immediately used or stored at À20°C.
Polymerase chain reaction (PCR)
All viral RNA samples were converted into cDNA using [17] . Each PCR included 25 mL of Maxima Hot Start PCR master mix kit (#K1051, Thermo Scientific, Waltham MA, USA), 2 mL of the forward primer, 2 mL of the reverse primer and 4 mL of the cDNA sample. Each reaction was brought to a final volume of 50 mL with nuclease-free water. Reactions were loaded to a thermal cycler (Multigene, Labnet, Edison NJ, USA) and subjected to 40 cycles of 30 s at 95°C, 30 s at the optimized annealing temperature and 40 s at 72°C. An initial activation step (4 min at 95°C) and a final extension step (10 min at 72°C) were also included in the program.
Restriction digestion
PCR products of the 5 0 UTR region were digested using two combinations of restriction endonucleases; MvaI/HinfI and RsaI/HaeIII. Restriction reactions were run in 2.5% agarose gels for 40 min in TBE (#B52, Thermo Scientific, Waltham MA, USA) buffer, stained for 25 min with Ethidium Bromide and the gels were documented in Photo Doc-IT Imaging system (UVP, Upland CA, USA).
DNA sequencing
PCR products of the 5 0 UTR and NS5B regions were purified using GeneJET Gel extraction kit (#K0691, Thermo Scientific, Waltham, MA USA) and sequenced using the standard Sanger method on ABI 3730XL DNA Sequencer at Macrogen sequencing services (Macrogen, Seol, South Korea). Chromatograms were checked and corrected using a sequence viewer. The genotype of each sample was determined by comparing its sequence with those of HCV prototypes deposited in the GenBank database, followed by further genetic analysis.
Phylogenetic analysis
The phylogenetic tree has been constructed using NeighborJoining method and the evolutionary distances were computed using the Kimura 2-parameter method with discrete gamma distribution using MEGA7 software. Bootstrap values were determined using 1000 replicates. 281 HCV sequences of other HCV isolates retrieved from HCV database and the GenBank database were used for constructing the phylogenetic tree.
Results
Genotyping by restriction fragment length polymorphism (RFLP)
Viral RNA was extracted from 30 HCV-infected patients, cDNA was synthesized and a 302 nt-fragment of HCV 5 0 UTR was amplified by PCR. PCR products were subjected to double restriction digestion reactions using 2 pairs of enzymes; MvaI/HinfI and RsaI/HaeIII. Digestion of the 30 patient samples with MvaI/HinfI resulted in a clear $ 177 bp band and 2 close bands ($56 and $69 bp) in 28 samples ( Fig. 1a samples 2-8 ), while in the other 2 samples one separate 129 bp band, 2 close bands ($63 bp and $69 bp) and $41 bp band have been obtained (Fig. 1a, sample 1 ).
On the other hand, double digestion with RsaI/HaeIII resulted in 2 separate bands (114-118 bp and 58-61 bp) in the 30 patient samples (Fig. 1b) . Based on this and compared to the digestion pattern of known genotypes 1 and 4 ( Fig. 1c) , collectively, these results show the presence of at least 2 different HCV genotypes; most probably genotype 1 (represented by sample 1 in Fig. 1 ) and genotype 4 (represented by samples 2-8 in Fig. 1 ).
Variability of 5
0 UTR and NS5B sequences
Out of the 30 HCV samples under study, 10 samples (2 samples thought to be genotype 1 and 8 samples thought to be genotype 4 based on RFLP results) were selected for sequencing their 5 0 UTR and NS5B regions to confirm the RFLP results and to subtype them. The obtained 5 0 UTR and NS5B sequences were compared to the sequences in the NCBI database using basic local alignment search tool (BLAST). BLAST results (Table 1) show that 6 samples (Isolates EGDAM006, EGDAM072, EGDAM082, EGDAM089, EGDAM091 and EGDAM136) had the highest identities to the 5 0 UTR and NS5B regions of subtype 4a. One isolate (EGDAM025) had the highest identity to the 5 0 UTR region of subtype 4a but the NS5B of subtype 1b/1g. Two isolates (EGDAM032 and EGDAM099) had the highest identity to the 5 0 UTR region of subtype 4t/4b but the NS5B of subtype 4a. One isolate (EGDAM112) had the highest identity to Wells designated ''P" show undigested PCR products and wells designated ''R" show digested products. ''M" designates the well containing a 50 bp DNA ladder. Sample 1 represents type 1 cleavage pattern (Isolate EGDAM112) and samples 2-8 represent type 4 cleavage pattern (Isolates EGDAM113, EGDAM114, EGDAM115, EGDAM116, EGDAM117, EGDAM118 and EGDAM119 respectively). C: Restriction digestion pattern of known genotypes 1 and 4 with the same restriction enzymes, in addition to ''no template" control reactions. From the ladder side, digestion with MvaI/HinfI is followed by RsaI/HaeIII. the 5 0 UTR region of subtype 1g and the NS5B of subtype 1g/1b. It is worthy to note that, according to RFLP results, isolates EGDAM025 and EGDAM112 were thought to be type 1, while the other 8 isolates were thought to be type 4.
The nucleotide variance rate in the 5 0 UTR region is less than the nucleotide variance rate in the NS5B region ( Table 1) . Analysis of nucleotide variance in the 5 0 UTR region, compared to the reference subtype 4a (Y11604) isolated previously from Egypt, revealed that G dominates the position 150 instead of T, and T dominates the position 284 instead of C in the 10 sequenced isolates ( Table 2 ). The isolates EGDAM112 and EGDAM136 had the highest nucleotide variation rate among the 10 sequenced isolates. The position 183 contained C instead of T in 3 isolates. It is worthy to mention that the 2 isolates EGDAM025 and EGDAM112, which are thought to be of the same genotype by RFLP, differ in their 5 0 UTR sequence. The isolate EGDAM136 which is thought to be type 4 by RFLP, like the other 7 isolates, has many polymorphic sites in its 5 0 UTR region.
Analysis of the amino acid variance in the NS5B region (Table 3 ), compared to the reference genotype Y11604, reveals the dominance of E258 instead of D, S282 instead of T and G307 instead of A in the 10 sequenced isolates. In 6 isolates, A/T replaced V235. The isolates EGDAM025 and EGDAM112 had a very similar NS5B amino acid sequence which is very different from that of the other 8 isolates (Table 3) .
NS5B sequences of the 10 isolates were submitted to the GenBank the under the accession numbers MF371339-MF371348. Sequences of the 5 0 UTR region of the isolates EGDAM006, EGDAM032, EGDAM089 and EGDAM136 were submitted to the GenBank under the accession numbers MF497264-MF497267.
Phylogenetic analysis
Because of the very close results of the NS5B sequencing (but not the 5 0 UTR sequencing) and RFLP results and the discrepant Table 2 Nucleotide variance in the 5 0 UTR region of 10 HCV isolates. Sequences are compared to the reference sequence of type 4a (Y11604) isolated from Egypt. * Nucleotide numbers are based on the prototype H77 (NC_004102). R (A, g) ; Y (C, T); K (g, T). subtyping of genotype 1 based on BLAST results, NS5B sequences of the 10 sequenced isolates were subjected to phylogenetic analysis. A 203 nt-segment covering the middle of NS5B region of the 10 sequenced isolates was aligned with 281 sequences including several reference genome sequences in addition to sequences from Egyptian HCV isolates, and a Neighbor-Joining phylogenetic tree was constructed (Fig. 2) . The tree revealed that 8 of the 10 studied isolates clustered with different isolates of HCV subtype 4a from Egypt. The isolates EGDAM025 and EGDAM112 clustered with each other and with different isolates of subtype 1 g from Egypt and with subtype 1 g from Spain.
Discussion
In this study, 30 HCV samples from Damietta, the most northern governorate in the Nile Delta of Egypt, have been genotyped by RFLP using 2 combinations of restriction enzymes; MvaI/HinfI and RsaI/HaeIII. These combinations have been used previously for RFLP genotyping of HCV [17, 26] . Several cleavage patterns were reported due to the absence of some enzyme cleavage sites or the creation of extra cut sites. For HCV type 4a isolated previously from Egypt (Y11604), the typical MvaI/HinfI cleavage pattern is 56, 69 and 177 bp fragments, while the typical RsaI/HaeIII cleavage pattern is 7, 9, 53, 58, 61 and 114 bp fragments. For HCV type 1 (NC_004102), the typical MvaI/HinfI cleavage pattern is 41, 63, 69 and 129 bp fragments, while the typical RsaI/HaeIII cleavage pattern is 9, 61, 114 and 118 bp fragments. Compared to these cleavage patterns, 2 out of 30 HCV samples studied here (6.7%) were thus determined to be type 1 while the other 28 samples (93.3%) were determined to be type 4.
RFLP has been considered as a reliable, inexpensive and useful HCV genotyping method in the regions endemic for HCV genotype 4 [15] . Previous RFLP genotyping studies of HCV in Egypt reported the presence of genotype 4 (91%), genotype 1a (1%), genotype 1b (1%) and other strains that couldn't be typed (7%) [15] . AbdelHamid et al. [17] presented slightly different RFLP results; genotype 4 (73%), genotype 1 (2%), genotype 3 (1%) and other strains that couldn't be typed (12%).
In the Mediterranean countries, subtype 1b is the most prevalent HCV subtype [27] . In Lebanon and Tunisia, genotype 1 is the predominant genotype followed by genotype 4, while in Syria genotype 4 is the prevalent genotype followed by genotype 1 and genotype 5 [28] . In Turkey, subtype 1b is the most prevalent subtype followed by 1a and 3a [29] . In Spain, subtype 1b is the predominant subtype followed by genotypes 1a, 3 and 4 [30] .
Because RFLP is a general genotyping method and is not reliable for HCV subtyping, 10 HCV samples including the 2 different genotypes determined as types 1 and 4 by RFLP were further genotyped by direct sequencing of their 5 0 UTR and NS5B regions. BLAST results of the 5 0 UTR region typed 7 isolates as subtype 4a, 2 isolates as subtype 4 t/4b and 1 isolate as subtype 1 g. This Table 3 Amino acid variance in the NS5B region of 10 HCV isolates. Amino acids 226-327 are compared to amino acids of the reference sequence of type 4a (Y11604) isolated from Egypt. * Amino acid numbers are based on the prototype H77 (NC_004102).
5
0 UTR subtyping is obviously discrepant with RFLP-based genotyping. BLAST results of NS5B typed 8 isolates as subtype 4a and 2 isolates as subtype 1 g/1b; results that clearly support RFLP genotyping. The 5 0 UTR region is the most conserved region in the HCV genome [31] and it lacks considerable variability and thus leads to subtyping errors [32] . Therefore, direct sequencing of NS5B, core and envelope regions became increasingly reliable for genotyping [32] .
The sequenced part of the 5 0 UTR region in the current study, nucleotides 103-306, covers a part of internal ribosome entry site (IRES) which consists of 4 domains (II-IV) and is responsible for the regulation of Cap-independent translation of HCV [33] . Nucleotide variance data in the current work showed that most of the mutations (35.7%) were localized in the stem-loop IIIb (Nucleotides 172-227). El Awady et al. [34] detected 19 mutations in the patients with SVR and in breakthrough patients. Mutations in IIIa/b were associated with reduced RNA stability, while IIId mutations were suggested to increase RNA stability. The thermodynamic stability of RNA secondary structure is considered as a significant but not sufficient parameter for predicting viral stabilization, or response to IFNa [34] .
Compared to the reference type 4a (Y11604) isolated previously from Egypt, the nucleotide G dominated the position 150 instead of T, and T dominated the position 284 instead of C in the 5 0 UTR region of the 10 sequenced isolates. Hemeida et al. [35] 0 UTR may affect viral translation and viral sensitivity to interferon [36] . Zekri et al. [37] reported the mutation G160A in the 5 0 UTR as a unique mutation among non-responders. This position corresponds to position 243 in the current study, which was found to be polymorphic (A/G) in the 2 isolates EGDAM006 and EGDAM089. Unfortunately, interferon has been extensively used as the main treatment method for Egyptian HCV patients, recorded 40-69% SVR [20] and thus left many patients non cured and struggling with HCV side effects.
The amino acid sequences of NS5B of the isolates EGDAM025 and EGDAM112, which were subtyped 1g/1b by NS5B BLAST, were very similar to each other but very different from the other 8 isolates subtyped 4a. Because BLAST results of the NS5B typed 2 isolates as subtype 1g/1b, we further analyzed the 10 NS5B sequences of this study by phylogenetic analysis. Neighbor-Joining phylogenetic tree further confirmed that 8 of the 10 sequenced isolates belong to subtype 4a while 2 isolates clustered with subtype 1g. Current results are consistent with most of the previous studies on Egyptian patients. In south Egypt, the predominant subtype was HCV-4a followed by subtype 1g, subtype 4l, then 4n and 4o [38] . In Ismailia governorate, subtype 4a was the predominant subtype, followed by subtype 1g, and subtype 4o [16] . In Sharkia governorate, the prevalent subtype was 4a, followed by 4o, 1g and 4n [14] . The predominant subtype was 4a, followed by subtype 4m, 4o, 4n and 4p in Alexandria governorate [39] . In the current study, subtypes other than 4a and 1g couldn't be detected most likely because of the small number of patients.
Although recombination is important for RNA viruses to generate a genetic variation; recombination is rare in HCV [40] suggesting that it is rare in vivo [41] . Some natural inter-genotypic, intragenotypic and intra-subtype recombinations have been identified [42] . However, it is unlikely that the isolate EGDAM025 could be a recombinant strain from types 1 and 4 because the homology of the 5 0 UTR between EGDAM025 and type 1b is 95% while the homology with type 1g is 97%. For NS5B, the homology between EGDAM025 and type 1b is 87.5% while the homology with type 1g is 92%. Based on reviewing the literature, genotype 4/1 recombination has never been detected previously in Egypt or in any other country.
Compared to the reference genotype 4a (Y11604), this study revealed the dominance of the amino acids E258 instead of D, S282 instead of T and G307 instead of A in the NS5B region of the 10 sequenced isolates. In 6 isolates, A/T replaced V235. NS5B is the RNA-dependent RNA polymerase (RdRp) [43] that is responsible for viral genome replication. The sequenced part of NS5B region in the current study (amino acids 226-327) covers a part of NS5B palm region of RdRp. RdRp lacks the proofreading activity and thus leads to high RNA mutation rates of around 10 À4 -10
À5
per base pair [44] . Like all polymerases, HCV NS5B resembles a cupped right hand and is configured into three domains; palm, fingers and thumb [45] . The palm domain contains 5 motifs (A to E) and is considered to be the most conserved region [46] compared with the two other NS5B domains (fingers and thumb domains). The sequenced NS5B region in this study covers two motifs of the palm domain; motif B and motif C, and it covers two amphipathic a-helices responsible for connecting the palm and fingers domains. Motif B contains conserved residues responsible for sugar selection [47] and if these amino acids mutated, NS5B polymerase activity would be abolished [48] . In motif C, the highly conserved GDD motif among all HCV genotypes [47] plays a role in nucleotidyl transfer reaction [46] . No amino acid substitutions were detected in these conserved amino acid residues indicating a non-defective activity of the HCV polymerase among Egyptian patients.
The mutation S282T has been reported to confer resistance against the antiviral drugs of the family 2 0 -C-methyl modified ribonucleosides [49] . This mutation alters the conformation of the enzyme's catalytic site [50] and severely compromises viral fitness among different HCV genotypes [51] . S282T mutation was not detected in the 10 sequenced isolates in the current study. The absence of S282T mutation can, therefore, be considered a good predictor for the responsiveness of HCV Egyptian patients to the Sofosbuvir-based therapy.
It has been reported that the amino acids C316 and V321 are in close proximity to the catalytic triad of the HCV NS5B polymerase (D220, D318, and D319) and, therefore, the changes at these positions may alter the conformation of the active site [52] and interfere with the ability of Sofosbuvir to enter the active site [53] . The amino acid substitutions C316N, L320F, and V321I have been reported to confer resistance to Sofosbuvir in several clinical studies [52] . None of these substitutions were detected in our sequenced isolates and this, again, may be a good predictor for Sofosbuvir efficiency in treating HCV Egyptian patients.
The position 307 is close from the catalytic site residues of NS5B polymerase (317-319) and it is not known whether the dominance of this position with G instead of A in the sequenced isolates in this study affects the patients response to Sofosbuvir. It is worthy to report that Sofosbuvir and Ribavirin treatment for either 12 or 24 weeks was successful in treating Egyptian patients infected with HCV genotype 4 where SVR was 90% and 77% for patients receiving 24 and 12 weeks of therapy respectively [22] .
Further studies on a large cohort of HCV Egyptian patients are, therefore, required to investigate the substitutions that regulate the response/resistance to the massively used Sofosbuvir in Egypt.
Conclusions
Genotyping of HCV infecting patients in Damietta Governorate revealed the predominance of HCV subtype 4a followed by subtype 1g. This study recorded 10 new HCV isolates and their partial sequences were deposited in the GenBank database. NS5B amino acid substitutions in the positions affecting polymerase activity and in the positions affecting resistance to Sofosbuvir were absent in the sequenced isolates in this study. Provided further studies on Sofosbuvir-treated HCV patients, absence of such substitutions could be a good predictor for efficient treatment of Egyptian patients with Sofosbuvir.
Study limitations
Due to limitation of funding, sample size in this study was small. Additional studies using larger sample size are inevitable to confirm the current findings.
